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ULTRASOUND PROMOTED DICHLOROKETENE-OLEFIN 
CYCLOADDITIONS 
Goverdhan Mehta* and H. Surya Prakash Rao 
School of Chemistry,  University of Hyderabad 
Hyderabad 500134, India 
ABSTRACT: W e  have observed t h a t  olefin-dichloroketene 2+2 cycloaddi- 
tions a r e  acce lera ted  by ultrasonic irradiation. Short  reaction times, 
good yields, ambient reaction conditions and use of ordinary bench-top 
zinc instead of ac t iva ted  zinc (Zn-Cu couple) a r e  t h e  significant 
advantages of this procedure. 
The 2+2 cvcloaddition of dichloroketene to reac t ive  olefins 
is a versati le reaction t h a t  has figured prominently in t h e  synthetic 
sequence leading to many natural '  and unnatural products.' Since 
dichloroketene is a labile and reac t ive  species, i t  is almost mandatory 
t h a t  i t  be  generated in situ by a convenient and efficient technique 
for e f fec t ive  deployment in synthesis. The  two commonly used methods 
for generating dichloroketene a r e  t h e  dehalogenation of trichloroacetyl 
chloride by ac t iva ted  zinc and dehydrohalogenation of dichloroacetyl 
chloride with t r i e t h ~ l a m i n e . ~  Of t h e  two, zinc dehalogenation method 
*To ihom correspondence should be  addressed. 
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992 MEHTA AND RAO 
a p p e a r s  to  b e  widely employed  procedure  and  m a n y  t a c t i c a l  modif ica-  
t ions have  been proposed t o  improve  t h e  yield of cycloaddi t ion product  
and simplify t h e  isolat ion procedure.  T h e s e  c o m p r i s e  of high di lut ion 
t e c h n i q ~ e , ~  slow r a t e  of addi t ion  of t r ich loroace ty l  ch lor ide  to t h e  
a c t i v a t e d  z i n c  and olef in  and  t h e  addi t ion  of phosphorous oxychlor ide 
along wi th  t r ich loroace ty l  ch lor ide  to t h e  r e a c t i o n  m i x t u r e  as scavenger  
f o r  z inc  ~ h l o r i d e . ~  However ,  d ich loroketene  cyc loaddi t ions  s t i l l  t a k e  
f rus t ra t ing ly  long r e a c t i o n  t i m e s  (an  overn ight  per iod i s  unexcept ional)  
and usually requi re  l a r g e  e x c e s s  of t h e  olefin. 
In th i s  r e p o r t ,  w e  wish to r e c o r d  our  observa t ion  t h a t  t h e r e  
is  a s ignif icant  r a t e  e n h a n c e m e n t  in  olef in-dichloroketene cycloaddi t ion 
when reac t ions  a r e  c a r r i e d  o u t  under  u l t rasonic  i r rad ia t ion  (Fig.1). 
This finding a g r e e s  well w i t h  r e c e n t  observat ions6 t h a t  exposing 
he terogenous  r e a c t i o n s  to u l t rasonic  i r rad ia t ions  increases  r a t e  and  
e f f i c i e n c y  of severa l  react ions.  It is, however ,  n o t  c l e a r  whether  
th i s  r a t e  e n h a n c e m e n t  is  d u e  to c a v i t a t i o n  effect or b e t t e r  agi ta t ion.6g 
Our resu l t s  w i t h  seven  a s s o r t e d  mono- bi- a n d  polycycl ic  olef ins  
a r e  summar ised  in  T a b l e  1. In a l l  t h e  cases, t h e  r e a c t i o n  w a s  m o r e  
o r  less  c o m p l e t e  by t h e  t i m e  addi t ion  of t r ich loroace ty l  ch lor ide  
)I111 J 8  
+ CI3C.C0.CI _1_1__, 
Zn 
FIG. 1 
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7& 
Yield refers to purified 
Time for the completion of the reaction is not optimized. 
20% of mOROadAlct was obtained. 
Yield of the crudeproduct was higher. 
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994 MEHTA AND RAO 
ceased." However, additional f ew minutes were  given to ensure 
comple te  reaction. Significantly higher yields of t h e  cycloaddition 
products were encountered in case of cyclopentene and 1,5-cyclo- 
octadiene and no diadduct was formed in t h e  l a t e r  case. 
considerable short  reaction t imes  reported he re  result  in cleaner 
products as dichloroketene polymerisation is minimised. Another notable 
f ea tu re  of our procedure is  t h a t  under ultrasound irradiation, commer-  
cially available zinc dust can  b e  effectively used for dichloroketene 
cycloadditions. In the  examples reported in Table 1 ,  we found practi-  
cally no d i f fe rence  in reaction t ime  and yields whether t h e  reaction 
5 was carried out  with ordinary zinc or  ac t iva ted  zinc (Zn-Cu couple). 
Thus, good yields, shorter reac t ion  t imes  (-1 h), use of bench-top 
zinc dust and ambient  reac t ion  conditions a r e  t h e  advantages of this 
procedure, which w e  believe will find routine use for  dichloroketene 
additions. 
5,7,8 The 
Experimental  Section 
Melting points were  determined on a Buchi SMP-20 appara tus  
and a r e  uncorrected. 'H NMR and 13C NMR spec t r a  were  obtained 
on a JEOL FX-100 spec t rometer .  All chemica l  shifts  a r e  reported 
in units relative to Me4Si in CDC13 solution. In t h e  13C NMR spec t ra l  
d a t a  off resonance multiplicit ies a r e  given in parentheses. Infrared 
spec t ra  were  recorded on Perkin-Elmer 293 spectrophotometer.  All 
s ta r t ing  olefins were  obtained from commerc ia l  sources o r  were  avail- 
able in t h e  laboratory and w e r e  distilled or  recrystail ised before  use. 
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Zinc d u s t  purchased from Ranbaxy Labora tor ies  Ltd., w a s  used as 
supplied. Sonicat ions w e r e  c a r r i e d  o u t  in a common ul t rasonic  labora tory  
c leaner  (Julabo USR3, 22OV-50 Hz, 100 W, opera t ing  at  35 KHz) 
par t ia l ly  filled wi th  w a t e r  at  a m b i e n t  temp.  (15-20°C). 
Genera l  Procedure  f o r  Olefin-dichloroketene Cycloadditions: In a 
typical  run, dry  ni t rogen f i l led,  100 ml,  three-necked round bot tomed 
flask filled wi th  a ni t rogen in le t  and pressure  equalising addi t ion 
funnel  w a s  charged  with ( 5  mmol- I0  mmol)  olefin, (10 mmol-15 mmol ,  
2 eq.) z inc  dus t  and 50 m l  of anhydrous e ther .  The  flask was  t h e n  
par t ia l ly  submerged in t h e  sonicator  w a t e r  b a t h  in  a p lace  t h a t  produced 
maximum agi ta t ion.  To th is  suspension (7.5 mmol-15 mmol ,  1.5 eq.) 
of t r ich loroace ty l  chlor ide in 25 m l  anhydrous e t h e r  w a s  added during 
30 min  per iod while  sonicat ion cont inued.  Ice pieces  w e r e  added 
occasionally to t h e  w a t e r  b a t h  to main ta in  t h e  t e m p e r a t u r e  be tween 
15-20°C. Reac t ion  was  usually c o m p l e t e  within 60 min. A f t e r  quenching 
with w e t  e t h e r  t h e  reac t ion  m i x t u r e  w a s  f i l t e red  through c e l i t e  and  
t h e  f i l t r a t e  was  washed wi th  w a t e r  ( 2 x  20 m l ) ,  s a t u r a t e d  sodium 
bicarbonate  solution (5x20 ml) and br ine  solution (20 ml). A f t e r  drying 
t h e  e ther ia l  solut ion over  anhydrous Na2S0,+ t h e  solvent  w a s  removed.  
Purif icat ion of t h e  c r u d e  dichlorocyclobutanone w a s  e f f e c t e d  by chro-  
matography over  a shor t  ( 1 3 x 3 0  c m )  column of s i l ica  g e l  and vacuum 
dis t i l la t ion or c r y  stallisation. 
7,7-Dichlorobicyclo [3.2.0] heptan-6-one (1): React ion  of 500 m g  (7.34 
mmol)  cyclopentene,  980 m g  (15 mmol)  z i n c  d u s t  and  2 g (1.22 ml,  
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I 1  mmol) trichloroacetyl chloride afforded 920 m g  (70%) of t h e  required 
compound a f t e r  bulb to bulb distillation (bath temp. 90°C, 1.5 mm). 
IR (neat)  1800 crn-l; 'H NMR(CDC13) 6 4.0(t,lH), 3.32(t,lH), 2.36-2.0 
(m,2H), 1.9-1.3(m,4H); 13C NMR(CDC13) 6 199.14(s), 88.68(s), 62.29(d), 
52.60(d), 30.71(t), 30.0(t), 25.80(t). 
3,4-Benzo-66,-dichlorobicyclo[3.2.0]heptan-7-one (2): Reaction of 
500 mg  (4.3 mmol) indene, 562 mg  (8.6 rnmol) zinc dust and 1.17 g 
(0.72 ml,  6.45 rnmol) tr ichloroacetyl chloride a f forded  732 mg  (80%) 
of the  required compound a f t e r  crystall isation from hexane, rnp 78°C. 
IR (KBr) 1800 cm- l ;  'H NMR (CDC13) 6 7.50-7.15(m,4H), 4.46-4.38(rn, 
2H), 3.30-3.08(rn,2H); 13C NMR (CDC13) 6 196.91(s), 143.31(s), 137.18(s), 
129.04(d), 128.28(d), 127.28(d), 125.28(d), 88.71(s), 59.18(d), 58.87(d), 
34. I6( t). 
4,4-Dichloro-exo-tricyclo [4.2.1.0 275 Inonan-3-one (3): Reaction of 720 
mg  (7.64 rnmol) norbornene, 1.03 g (15.3 mmol) zinc dust and 2.0 g 
(1.22 ml, I 1  mmol) tr ichloroacetyl chloride afforded 1.15 g (75%) 
of t h e  product a f t e r  purification by bulb to bulb distillation (bath 
temp. 130°C, 0.1 mm): IR (neat)  1805 crn-I; 'H NMR (CDC13) 6 3.52(br 
d,lH), 2.84-2.6(m,3H), 1.71-I.O(m,6H); 13C NMR (CDCl3) 6 196.20(s), 
87.30(s), 65.16(d), 53.89(d), 37.86(d), 34.70(d), 27.35(t), 26.36(t). 
10,1O-Dichlorobicyclo f6.2.01 dec-4-ene-9-one (4):8 Reaction of 500 mg  
(4.62 rnrnol) 1,5-cyclooctadiene, 600 mg (9.17 mrnol) zinc dust and 
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1.26 g (0.78 ml,  7.0 mmol) tr ichloroacetyl chloride afforded 1.16 
g (70%) of t h e  required product + a f t e r  bulb to bulb distillation (bath 
temp. llO"C, 0.1 mm). IR (neat) 805 cm-l; 'H NMR (CDCl3) 6 5.64(br 
s,lH), 3.88-3.52(m,lH), 3.2-2.8(m, HI, 2.6-1.8(m,8H); 13C NMR (CDCl3) 
6 196.73(s), 130.33(d), 129.92(d), 88.0(s), 58.58(d), 49.66(d), 24.1 7(t), 
25.36(t), 25.06(t), 24.12(t). 
2,2-Dichloro-3-m e t h y l - 3  (4-m ethylcyclohex-3-enyl] cyclobutanone (5): 
Reaction of 500 mg  (3.28 mmol) limonene, 430 rng (6.50 mmol) zinc 
dust and 900 mg  (5 mmol, 0.55 ml) trichloroacetyl chloride resulted 
in 1.5 g (81%) of t h e  mixture  of diastereoisomers a f t e r  bulb-to-bulb 
distillation (bath tem?.l2OoC, 0.1 mm). Regiochemistry of t h e  product 
was fixed on t h e  basis of following spectral  data: IR (neat) 1810 cm-l ;  
'H NMR (CDC13) 6 5.38(br s,lH), 3.20, 3.16(d,lH), 2.62, 2.56(d,lH), 
1.56(br s,3H), 2.4-1.2(m,7H), 1.14-1.12(s,3H); 13C NMR (CDC13) 6 191.92 
(s), 134.09, 133.14(s), 119.70(d), 92.29(s), 54.18, 53.18(t), 47.56(s), 
40.18, 39.92(d), 30.64, 30.29(t), 27.06, 26.60(t), 25.18(t), 23.24(q), 
18.49(q). 
C i s  - 14,14  -dichlorobicyclo [ 10.2.01 t e t r adeca -  trans, trans-4,8-dien-13- 
one  (6):9 Reaction of 500 rng (3.08 mmol) t rans ,  t rans ,  cis-1,5,9-cyclo- 
dodecatriene,  400 mg  (6.1 mmol) zinc dust and 836 mg (0.51 ml, 
4.62 mmol) tr ichloroacetyl chloride afforded 1.53 g (90%) of 5 a f t e r  
purification on silica gel column and bulb-to-bulb distillation (bath 
temp. 130°C, 0.5 mm). IR (neat)  1795 cm-l ;  'H NMR (CDC13) 6 5.12 
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(m,4H), 3.62-3.32(m,lH), 2.98-2.64(m, IH), 2.4-1.2(m ,12H); 13C NMR 
(CDC13) 6 196.38(s), 131.98(d), 130.57(d), 130.21(d), 89.29(s), 58.18(d), 
49.78(d), 32.40(t), 31.93(t), 30.70(t), 30.47(t), 26.59(t), 25.30(t). 
(IR*, 2R*, 5R*, 6R*, 8S*, 9S*, 12S*, 14R*, 15S*)-3,3,1 1,l I-Tetrachloro- 
7 -oxahexacyc lo  [ 1 1.2.1 .0295.06’15.08’14.09712] hexadecane-4,10-dione (7): 
Reaction of 50 rng (0.31 mmol) s ta r t ing  diene, 80 mg (1.22 mmol,  4 eq) 
zinc dust and 168 mg  ( 1 0 0 ~  1, 0.93 mmol,  3 eq) tr ichloroacetyl chloride 
a f forded  53  mg  (45%) of t h e  diadduct 1 a f t e r  recrystall isation from 
dichlorornethane-pet e the r ,  rnp 238-240°C (decomp). IR (KBr) 1810 
cm-l ;  ‘H NMR (CDCl3) 6 4.45(d,2H), 4.34, 3.46(ABq,2H), 3.3-2.8(m,4H), 
2.66-2.1(m,21), 1.95(m,lH), 1.4(m,iH); 13C NMR (CDC13) 6 193.71(s), 
89.17(d), 87.79(s), 67.54(d), 59.35(d), 56.09(d), 49.66(d), 39.59(t). 
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